ABSTRACT
INTRODUCTION
In the context of structural genomics, the nuclear magnetic resonance (NMR) spectroscopy is confronted with the fundamental difficulty of analyzing molecular structures in a high throughput manner. Obtaining samples of good quality and acquiring spectra are relatively easy tasks, however, determination of molecular structures is mostly limited by spectral assignment and extraction of spectral features (such as peak positions or nOe peak intensities). Working on automatic assignment methods, like many other laboratories, we are confronted with the lack of freely available datasets during the validation step of our developments. In agreement with a small group of NMR laboratories, we decided to develop a NMR datasets repository in order to satisfy this need. This repository was called NMRb.
One NMRb entry contains several datasets that are composed of raw NMR spectra (in time or frequency domain format) along with complete information on the sample and the experiments. Each entry is deposited by the NMR spectroscopists themselves, in order to minimize the risk of errors. After validation, this information is entered into a relational database. All accesses to NMRb are made through a web interface. * To whom correspondence should be addressed.
NMRb started as a private database of a network of laboratories: some entries are thus not in public access. Nevertheless, since its creation, many additional deposits have been made that are in free access. NMRb has become a useful tool for the NMR methodologist community, as the download traffic bears witness to, which is already recorded from many different laboratories (about 300 spectra downloaded to this date).
TECHNICAL ORGANIZATION
NMRb entries contain 2 types of data: raw NMR spectra (the time-domain files as stored from the spectrometer) stored in the Unix compression format file (.tgz) and information on sample and spectral parameters organized in a relational database.
The NMRb is served by a LH6000 quadri-proc HP computer running Linux RedHat 8.0 (http://www.redhat.com/). The database is handled by MySQL (http://www.mysql.com/), stored on a 100 Gb RAID 5 disk system, and the web server is running Apache software (http://www.apache.org/). The specific code developed in-house for the server is written in the PHP langage (http://www.php.net/).
The relational database is structured into 16 interrelated tables. It permits us to handle easily any characteristics in any table with the help of SQL queries. General information is stored in the dataset, such as details of authors, molecule, sample, spectrometer and spectra processing and are given below.
The NMRb relational model is built according to the CCPN data-model (Fogh et al., 2002) assuring compatibility with future developments.
The eXtensible Markup Language (XML) is used for an external representation of the database entries, and used for depository as well as recovery. The XML tags are defined according to NMRb data, permitting to insert a varying number of authors, several datasets per entry and varying dimensionality of the spectra.
NMRb access is performed through a web graphic interface which permits to interactively query the content of the database as well as to recover the XML description files and the archive spectral files for off-line processing.
NMRb offers a repository procedure. The information can be uploaded either by a web graphic interface (repository form) or by direct file transfer of the XML information file and raw spectra. This last method makes it possible to deposit very large data files which can be sent by communication protocols other than direct connection (ftp, CD-ROM, . . .).
In order to help the repository process, a checklist is proposed which defines all the needed pieces of information. During the process, many data fields are already filled with default value and meaningful choices are proposed as often as possible. The entry of redundant information was avoided. During depository, the client navigator communicates with the NMRb server using the https protocol in order to preserve data confidentiality during the depository step transfer.
At the end of the repository, an XML file describing the complete deposition is built. The XML file is used by the NMRb manager to verify dataset information and integrity. After this step, the new entry is inserted in the database and spectra are uploaded to the NMRb access zone. According to the will of the depositor, the spectra can be in public or confidential access. In the case of a confidential access, the spectra are only distributed through a login/password procedure with the agreement of the depositor. After deposition, the depositor receives an acknowledgment by email with login and password values for modification or update. The update procedure allows, for any given NMRb entry, to correct for mistake or modify pieces of information and deposit additional spectra.
ACTUAL NMRb STATE
At the date of submission, the NMRb repository contains 14 different studies representing 93 spectra, out of which 75 are in public access. All the information available from the web interface is also downloadable as XML files.
Each NMRb entry is referred to by a unique NMRb id and containts several spectra as well as additional information.
General information includes: study name and type, study references, PDB id (Berman et al., 2000) , BMRB id (Seavey et al., 1991) , authors and laboratories addresses, deposition date and depositor contact email. Molecular characteristics such as name, type, weight, primary sequence or formula, source and Swissprot Id (Apweiler et al., 1997) are also stored. Direct http links to the PDB, BMRB and Swissprot entries are provided, as well as links to structural tools such as PDBsum (Laskowski et al., 1997) CATH (Orengo et al., 1997) or SCOP (Murzin et al., 1995) .
Each spectra in the NMRb entry is associated to the following information: -sample information: pH, temperature, pressure, concentration, buffer and salt concentrations; -spectrometer information: manufacturer, model, field and probe type; -pulse sequence: type, mixing time, and filter; -dimensionality; -assignment reference molecule and absolute frequency.
The following acquisition and processing information is associated to each spectral axis (F1, F2, . . .) : axis nucleus, data storage type (real or complex), spectral width, carrier frequency, zero time offset, modulation type, axis of phase modulation, pre-and post-processing type, phase corrections (zeroth and first order). These parameters will allow in the future to automate the time-domain signal processing in order to visualize and manipulate spectra from the web interface.
A feature filter is available on the web-site, allowing to select and download spectra according to some stored characteristics: Sequence type, Spectra dimension, Spectrometer manufacturer, Spectrometer field, Spectra data and file format, Temperature, pH and Pressure. Additionally, statistics for each spectral feature are also available.
Since the development of structural proteomics projects, several groups have developed programs or web-sites specifically designed to handle the follow-up and the archival of NMR experiments, for instance : SPINS (Baran et al., 2002) , SESAME (Zolnai et al., 2003) , or HalX (Poupon, 2004) . However, these developments are different in purpose from the present work, and propose much more than spectrum storage tools. They not only manage spectra but also manage sample and processing software, and some of them even provide a complete pipeline for processing and analyzing spectra. This development is comparable however, to the time-domain repository available at the BMRB (Seavey et al., 1991) , in terms of freely available repository, however the filtering capabilities are unique to NMRb.
